Abstract
Introduction

41
Very little is known about the deep fluorine cycle. The presence of fluorine in volcanic 42 gases and melt inclusions shows that there is a fluorine flux from the depth to the surface 43 (Schilling et al., 1980; Aoki et al., 1981; Symonds et al., 1988; Bureau et al., 1998; Pyle and 44 Mathers, 2009). Fluxes from surface to depth are also expected at subduction zones, where 45 serpentinites are the most likely carrier of halogen elements including fluorine (John et al., 46 2011 and references therein). Fluorine released from the dehydration of the oceanic crust can be degassed during through arc volcanism or may be recycled back into the mantle with an thickness and subtraction of epoxy signal and baseline, average unpolarized absorption 115 spectra were calculated and fit using Lorentzian line-shapes (Table 1 ). In the wavenumber 116 range of interest, the epoxy signal corresponds to a strong band at ~3440 cm -1 , where there is 117 no olivine OH band, plus a weak and broad band centred at ~3550 cm -1 . The epoxy correction 118 was made for two of the seven spectra of the PC38 synthesis and three of the ten spectra of 119 the PC36F synthesis.
120
Raman spectroscopic measurements were performed with a Renishaw InVia Raman 121 spectrometer coupled with an optical microscope, using a 514.5 nm laser excitation radiation
122
(1 mW power) and a 1200 mm -1 grating. Spectra were acquired from 100 to 2200 cm -1 , and
123
averaged from 4 accumulations, each with a counting time of 60 s. detector (Mosbah et al., 1991) . ERDA is based on the detection of protons at a low "grazing"
135
angle of 15° from a 4 He incident beam of 3 MeV after they have been ejected from the 136 samples through elastic collisions, this method has been recently used to quantify water in 137 nominally anhydrous minerals; details about the procedure are described in (Raepsaet et al., 138 2008; Bureau et al., 2009 , Withers et al. ,2012 and 4 GPa (PC38F) respectively. These Na concentrations do not exceed the typical range of 185 few hundreds of ppm expected for Na in olivine (e.g. Borisov et al., 2008) .
186
The OH-stretching infrared absorption spectrum of the F-free forsterite sample 187 (#PC38, Fig. 2 ) is similar to that reported in previous studies (Lemaire et al., 2004; Bali et al., 2008; Ingrin et al., 2013) . It is dominated by the "hydrogarnet-type" defect (4H) ions are associated with these OH-bearing defects.
221
Interestingly, the infrared spectrum of the F-rich synthetic forsterite samples is nearly is consistent with the weakness of the signal ascribed to fully protonated Si vacancies.
280
The theoretical IR absorption spectrum corresponding to the OH-stretching modes of 281 the seven most stable geometries of the OH-and F-bearing defects associated with Mg and Si
282
vacancies have been computed.
283
In the case of an Mg vacancy, one OH/F substitution induces an upshift of the band 284 from 3222 to 3291 cm -1 , compared to the fully protonated Mg vacancy, while the polarization along the z axis remains unchanged (Balan et al., 2011) . This frequency shift is directly 286 related to the geometrical changes related to the presence of the fluoride ion.
287
The IR spectra generated for the six most stable configurations of OH/F defects in Si 288 site are displayed in Fig. 4 . For one OH/F substitution, each of the three configurations (F (O1) ,
289
F (O2) and F (O3) ) lead to three distinct bands (Fig. 4b) band at higher frequency (3674 cm -1 ) strongly polarized along x (Fig. 4d) .
300
Lack of polarized measurement prevents a thorough comparison of the theoretical IR 301 spectra with the spectrum of the present synthetic F-rich forsterite. However, the 3700-3500 302 cm -1 region of the average IR spectrum of the synthetic samples is very similar to the 303 spectrum of the Pamir olivine (Fig. 5a ). We thus consider that the theoretical IR spectra can 
308
The band at 3674 cm -1 (band a, Fig. 5 
Cooperative solubility of water and fluorine in olivine 377
In nominally anhydrous silicates, the hydrolytic weakening mechanism consists in an 
Geodynamical implications 392
We show that fluorine solubility can reach more than 1300 ppm in hydrous olivine 
396
Our experiments establish the link between F and OH assimilation in mineral networks. This 397 must be particularly true in subduction settings where water is recycled back to the mantle. 
406
To conclude, water and fluorine geodynamical cycles are likely to be strongly connected in 407 the mantle owing to the existence of clumped defects in nominally anhydrous minerals. Table   9 1). Lowermost spectrum absorbance is multiplied by a factor of 4 and spectra are offset 10 vertically for clarity. 
